While excessive tensile strain can be detrimental to nerve function, strain can be a positive 27 regulator of neuronal outgrowth. We used an in vivo rat model of sciatic nerve strain to 28 investigate signaling mechanisms underlying peripheral nerve response to deformation. Nerves 29 were deformed by 11%, and did not demonstrate deficits in compound action potential latency or 30 amplitude during or after 6 hours of strain. As revealed by Western blotting, application of strain 31 resulted in significant upregulation of mammalian target of rapamycin (mTOR) and S6 signaling 32 in nerves, increased myelin basic protein (MBP) and β-actin levels, and increased 33 phosphorylation of neurofilament subunit H (NF-H) compared to unstrained (sham) contralateral 34 nerves (p < 0.05 for all comparisons, paired 2-tailed t-test). Strain did not alter neuron-specific 35 β3-tubulin or overall nerve tubulin levels compared to unstrained controls. Systemic rapamycin 36 treatment, thought to selectively target mTOR complex 1 (mTORC1), suppressed mTOR/S6 37 signaling, reduced levels of MBP and overall tubulin, and decreased NF-H phosphorylation in 38 nerves strained for 6 hours, revealing a role for mTOR in increasing MBP expression and NF-H 39 phosphorylation, and maintaining tubulin levels. Consistent with stretch-induced increases in 40 MBP, immunolabeling revealed increased S6 signaling in Schwann cells of stretched nerves 41 compared to unstretched nerves. In addition, application of strain to cultured adult DRG neurons 42
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to 1 μg/μl total protein, supplemented with Laemmli sample buffer at 3:1 (sample:LSB). 141
Samples were boiled for 10 minutes prior to storage at -80°C. 142
Western Blotting 143
Samples were removed from -80°C and heated at 60°C for 6 minutes. Proteins were separated 144 within 3-8% Tris-acetate gels (Bio-Rad Laboratories, 20 μg total protein per well, based on 145 results from BCA protein assay), for 95 minutes at 110 V. Following electrophoresis, proteins 146 were transferred to nitrocellulose membranes (2 hr at 4°C and 200 mA). Ponceau S (59803; Cell 147
Signaling Technology) was used to confirm that no gross errors in pipetting or transfer occurred. 148
Membranes were blocked with 5% nonfat milk, washed then incubated primary antibody 149 overnight at 4°C. The membrane was again washed, then incubated for 1 hour in secondary 150 antibody (1:1000). Proteins were visualized using ECL (Pierce). Image capture and 151 quantification of western blots were performed using ImageLab software upon a Chemidoc 152 imager (BioRad). Phosphorylated levels of a given protein were normalized to the total levels of 153 the protein. For this analysis, phosphorylated proteins were probed, membranes were stripped, 154 and total protein levels for the corresponding protein were probed on the same membrane. In 155 addition, we normalized total protein levels to those of GAPDH (Ning 2010 Signaling), total S6 (2317S; Cell Signaling), β-actin (A5060; Sigma-Aldrich), tubulin (T9026; 159 Sigma-Aldrich), SMI-31 (ab24573; abcam), GAPDH, NF-H, Tuj1 (NC0475670; Covance), MBP 160 (MAB386; Millipore). HRP-conjugated secondary antibodies (Zymed) appropriate for each 161 primary antibody were used.
Electrophysiology 163
Methods were similar to (Restaino et al. 2014) , excepting the use of the tibialis anterior (TA) 164 rather than interosseous muscles to record muscle response to nerve stimulation. Briefly, 165 following sciatic nerve exposure, a miniature bipolar hook electrode (501650; Harvard 166 Apparatus) was positioned proximal to the strained region. The TA was exposed and needle 167 recording electrodes (Grass F-E2) were positioned adjacent to the endplate zone (Westerga and 168 Gramsbergen 1993). A ground needle electrode was placed in the contralateral limb. A Grass 169 SD9 stimulator (Grass Astromed Technologies) was used to generate stimulation pulses. 170
Parameters were chosen to minimize the applied voltage, while maintaining a recordable and 171 consistent EMG response; these parameters were 6 monophasic 50 μs duration square pulses at 172 5 Hz, at an input voltage of 7 V (<10 mA). At each time point, five consecutive recordings were 173 made to ensure consistency of stimulation and recording, and averaged together to determine the 174 latency between stimulus and recording. Latency was determined based on the delay between the 175 timed and synchronized stimulation and recordings such as those shown in Figure 1 . Unstrained 176 measurements were made with the nerve in a neutral configuration, with knee at ~40° flexion 177 and ankle at 10° of plantarflexion. Wedges were used to impose strain during the 360 minute 178 period as above. Measurements were made at the following time points in the following order: 179 unstrained at T = 0 min, strained at T = 0 min, strained at T = 15 min, unstrained at T = 15 min, 180 strained at T = 360 min, unstrained at T = 360 min, unstrained at T = 375 min (i.e., an additional 181 15 min rest period following wedge removal). 182
Cell Culture 183
DRGs were isolated from E18 embryos and digested in trypsin for 30 minutes. Five milliliters of 184 fresh culture media (MEM + 10% FBS + 1% Penicillin/Streptomycin/Neomycin + 2% B27 + 50ng/ml NGF) were added to the DRGs to halt trypsin activity. Cells were spun down at 90xg. 186
Media was aspirated off and cells were resuspended in fresh media. DRGs were plated on 187 custom microfluidic PDMS wells (Bober et al., 2015) . Wells were functionalized by (3-188 Aminopropyl) triethoxysilane treatment followed by laminin coating in the presence of 1-ethyl-189 3-(3-dimethylaminopropyl) carbodiimide. 190
In Vitro Protein Synthesis Assay 191
One day post-plating, neuronal protein synthesis was examined by puromycin treatment, in a 192 manner analogous to that previously deployed for non-neuronal cells (Schmidt et al. 2009 ). buffer was removed and cells were incubated at room temperature in primary antibody in 213 blocking buffer for 1 hour followed by 3x wash in PBS and 1 hour incubation in secondary 214 antibody diluted in blocking buffer followed by 3x wash in PBS. 215
Histological sectioning 216
Nerves were pinned to cork and flash frozen in liquid nitrogen cooled 2-methylbutane following 217 a six hour period of strain. Nerves were stored at -80°C until sectioned. Nerves were embedded 218 in OCT compound (Tissue-Tek) and 10 μm cross-sections were prepared and placed onto 219 Superfrost Plus (Thermofisher) slides. 220
Immunohistochemistry 221
Samples on slides were circled using an ImmEdge pen (Vector Laboratories) to form a 222 hydrophobic boundary. Following immersion in deionized water, slides were fixed for 45 223 minutes in 10% formalin, then permeabilized in 0.2% Triton X-100. Slides were blocked for 20 224 minutes in blocking buffer (as in ICC), then placed in primary antibody for 1 hour at room 225 temperature. 3x washes with PBS were used between each step. Secondary antibody was applied 226 for a period of 1 hour. Samples were coverslipped with VectaShield and sealed with nail polish. 227
Phospho-S6 and Mouse MBP primary antibodies (from Western blots) were used at a dilution of 228 1:1000 in blocking buffer with AlexaFluor488 goat-anti-mouse and AlexaFluor594 goat anti-229 rabbit secondary antibodies, which were diluted 1:200 in blocking buffer.
Images were obtained using a Leica SP5 system equipped with an argon laser for excitation at 232 488nm and a HeNe laser for excitation 594nm. Emission was captured from 500-550nm for 233 488nm excitation and between 600-650nm for 594nm excitation. Laser power and gains were 234 kept constant to allow for adequate image acquisition and quantitative comparisons (Table 1) . 235
Images were captured at a resolution of 1024x1024 and averaged 3x for noise reduction. other experiments, showed no significant differences in both the latencies to primary and 264 secondary peaks ( Figure 1C-D) . Additionally, while signal amplitude was variable from time 265 point to time point (though not for repeated measurements within a time point), at no point did 266
we see a significant reduction in amplitude to peak amplitude between pre-stretch (4.26 ± 2.22 267 V), five hour stretch (7.09 ± 1.40 V), and recovered (6.49 ± 1.38 V). The apparent increase in 268 amplitude during stretch is likely a result of increased recruitment of fibers by the electrode due 269 to flattening of the nerve. Collectively, these data indicate that our nerve stretch model does not 270 result in appreciable changes to neurovascular function, and that a physiologically reasonable 271 surgical plane was maintained throughout the experiment. 272 mTOR pathway activation and cytoskeletal protein expression following nerve strain 273
To determine if mTOR-associated translational pathways were activated in strained nerves away 274 from neuronal cell bodies, we first used western blot analysis to examine the response of focal 275 adhesion kinase (FAK) and mTOR activation levels following 15 minutes of applied strain. 276 Consistent with other model systems, a strong trend towards rapid mTOR activation with strain 277 was observed by a 40% increase in the p-mTOR/mTOR ratio for strained nerves compared to 278 unstrained (p = 0.070, paired t-test; Figures 2A-B) . However, FAK signaling was unresponsive 279 at this early time point as well as at later time points up to 6 hours (data not shown, n = 4), 280
suggesting an alternate mode of initiation (Figures 2A-B Given the concurrent increase in mTOR/S6 activation and levels of several structural proteins 315 following six hours of strain, we next tested the hypothesis that inhibition of mTOR complex 1 316 (the mTOR complex associated with activation of S6) via systemic rapamycin administration 317 would suppress these increases. Rapamycin was administered 1 hour prior to the 6 hour period of 318 strain application. To confirm rapamycin activity, we examined the level of mTOR activation 2001). In our study, we imparted strain without appreciably impairing neurovascular function 389 (Figure 1 ). We observed that strain induced a rapamycin-sensitive (i.e., MTORC1-associated), 390 rapid, and persistent increase in mTOR activation as well as downstream activation of S6 391 (Figures 2A-B) . Given that strain-associated mTOR activation is often linked to FAK signaling, 392 it was somewhat surprising that FAK activation did not increase, at both short and later time 393 points; however, Akt signaling upstream of mTOR may be influenced by integrin-and laminin-394 following a one-hour application of strain (*p < 0.05, paired t-test, N =14 cells from 3 different 527 devices per group).; Mean ± SEM; graph normalized to unstrained levels.) 528
